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Abstract In light of the very recent updates on the
RK and RK∗ measurements from the LHCb and Belle
collaborations, we systematically explore here imprints
of New Physics in b→ s`+`− transitions using the lan-
guage of effective field theories. We focus on effects that
violate Lepton Flavour Universality both in the Weak
Effective Theory and in the Standard Model Effective
Field Theory. In the Weak Effective Theory we find a
preference for scenarios with the simultaneous presence
of two operators, a left-handed quark current with vec-
tor muon coupling and a right-handed quark current
with axial muon coupling, irrespective of the treatment
of hadronic uncertainties. In the Standard Model Effec-
tive Field Theory we select different scenarios according
to the treatment of hadronic effects: while an aggressive
estimate of hadronic uncertainties points to the simulta-
neous presence of two operators, one with left-handed
quark and muon couplings and one with left-handed
quark and right-handed muon couplings, a more con-
servative treatment of hadronic matrix elements leaves
room for a broader set of scenarios, including the one in-
volving only the purely left-handed operator with muon
coupling.
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1 Introduction
The past few years have brought us a thriving debate on
the possible hints of New Physics (NP) from measure-
ments of semileptonic B decays. In particular, Flavour
Changing Neutral Current (FCNC) decay modes into
multi-body final states, e.g. B → K(∗)`+`− and Bs →
φ `+`−, bring forth a large number of experimental han-
dles, see e.g. [1], that are extremely useful for NP in-
vestigations while also allowing to probe the Standard
Model (SM) itself in detail [2–6]. The inference of what
pattern is being revealed by the experimental observa-
tions is the crux of the debate.
Two distinct classes of observables characterize these
semileptonic decays. The first is the class of angular ob-
servables arising from the kinematic distribution of the
differential decay widths that have been measured at
LHCb [7–13], Belle [14], ATLAS [15] and CMS [16–18].
These observables, mostly related to the muonic de-
cay channel, while being sensitive to NP [6, 19–22] are
besieged by hadronic uncertainties [23–28]. The latter,
associated with QCD long-distance effects – hard to
estimate from first principles [29, 30] – can saturate
the measurements so as to be interpreted as possibly
arising from the SM or can obfuscate the gleaning of
NP from SM contributions [31–33]. Therefore, in the
absence of a complete and reliable calculation of the
hadronic long-distance contributions, a clear resolution
of this debate based solely on the present set of angu-
lar measurements is hard to achieve. Improved experi-
mental information in the near future [34] concerning,
in particular, the electron modes is a subject of cur-
rent cross-talk between the theoretical and experimen-
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2tal communities [35,36], and may shed new light on this
matter [37–39]. The second class of observables then
becomes crucial to this debate. These are the Lepton
Flavour Universality Violating (LFUV) ratios that hold
the potential to conclusively disentangle NP contribu-
tions from SM hadronic effects. The latter are indeed
lepton flavour universal [2, 40]. Several hints in favour
of LFUV have surfaced in the past few years in experi-
mental searches at LHCb [41, 42] and Belle [14]. These
have led to a plethora of theoretical investigations [43–
161], all oriented towards physics Beyond the Standard
Model (BSM) able to accommodate such LFUV sig-
nals, mainly involving Z ′ or leptoquark mediators at
scales typically larger than a few TeV and with some
peculiar flavour structure needed to avoid clashing with
the stringent bounds from meson-antimeson mixing and
from other observables. Despite possible model-building
challenges, the primary message here is clear: a sta-
tistically significant measurement of LFUV effects in
FCNCs such as b → s`+`− decays would herald the
discovery of NP unambiguously [162–167].
In this work we focus on the progress of this de-
bate with the new measurements of RK and RK∗ re-
cently presented by the LHCb [168] and Belle collabo-
rations [169]:
RK [1.1, 6] ≡ Br (B
+ → K+µ+µ−)
Br (B+ → K+e+e−)
= 0.846+0.060−0.054
+0.016
−0.014 (LHCb), (1)
RK∗ [0.045, 1.1] ≡ Br (B → K
∗µ+µ−)
Br (B → K∗e+e−)
= 0.52+0.36−0.26 ± 0.05 (Belle), (2)
RK∗ [1.1, 6] = 0.96
+0.45
−0.29 ± 0.11 (Belle). (3)
The LHCb result combines the re-analysis of the 2014
measurement together with more recent data, partially
including the experimental information from Run II,
and covers an invariant dilepton mass q2 ranging in
[1.1,6] GeV2. The preliminary Belle measurement also
covers larger values of the dilepton invariant mass, which
however are not used in our analysis, as detailed below.
While the central value of the measurement in eq. (1)
shifts towards the SM prediction [2, 40], the statistical
significance of the corresponding RK anomaly remains
interesting, at the level of 2.5σ. On the other hand, the
result in eq. (3) slightly weakens the significance of the
RK∗ anomaly in this range of dilepton invariant mass.
In an attempt to better disentangle SM hadronic
uncertainties and to zoom in on the importance of NP
contributions, here we present a state-of-the-art analy-
sis of b→ s`+`− transitions where:
– We revisit our approach to QCD power corrections
streamlined for efficiently capturing long-distance
effects, which are of utmost relevance in the in-
terpretation of the current experimental informa-
tion on the B → K∗µ+µ− channel. We discuss
several novelties about our new parameterization of
hadronic contributions, recently introduced in [39];
– We make use of two distinct Effective Field Theory
(EFT) frameworks, namely the∆B = 1 Weak Effec-
tive Hamiltonian and the Standard Model Effective
Field Theory (SMEFT). The former EFT allows us
to obtain a better insight on the dynamics at the
decay scale, while the latter can offer a deeper link
with BSM interpretations.
We review our theoretical framework in section 2, where
we also present a fresh look at the anatomy of RK in
light of the new LHCb measurement. We then provide
a thorough description of our analysis procedure in sec-
tion 3. Finally, we collect and discuss all our main re-
sults in section 4, supported also by Appendix A and Ap-
pendix B. We present our conclusions in section 5.
2 Theoretical framework
As an introduction to the basic ingredients of our analy-
sis we start by reviewing the standard EFT for ∆B = 1
transitions, highlighting the distinction between short-
distance and hadronic contributions. We then move on
to LFUV effects in terms of SM gauge-invariant dimension-
six operators, completing the EFT dictionary useful for
understanding the results we present in section 4.
2.1 Short distance vs long distance
The anatomy of B → K(∗)`+`−, B → K∗γ, Bs →
φ`+`− and Bs → φγ decays can be inspected with an
effective field theory of weak interactions for ∆B = 1
processes [170,171]. The corresponding effective Hamil-
tonian at the scale µb ∼ mb can be split in two parts:
H∆B=1eff = Hhadeff +Hsl+γeff , (4)
where the first “hadronic” term contains only nonlep-
tonic operators:
Hhadeff =
4GF√
2
∑
p=u,c
λp
[
C1Q
p
1+C2Q
p
2+
∑
i=3,...,6
CiPi+C8Q8g
]
,
(5)
3involving the following set of relevant operators up to
dimension six:
Qp1 = (s¯LγµT
apL)(p¯Lγ
µT abL) ,
Qp2 = (s¯LγµpL)(p¯Lγ
µbL) ,
P3 = (s¯LγµbL)
∑
q(q¯γ
µq) ,
P4 = (s¯LγµT
abL)
∑
q(q¯γ
µT aq) ,
P5 = (s¯Lγµ1γµ2γµ3bL)
∑
q(q¯γ
µ1γµ2γµ3q) ,
P6 = (s¯Lγµ1γµ2γµ3T
abL)
∑
q(q¯γ
µ1γµ2γµ3T aq) ,
Q8g =
√
αs
64pi3
mbs¯LσµνG
µνbR . (6)
The second term features four-fermion operators con-
structed with leptonic and quark bilinears, together with
the electromagnetic dipole operators,
Hsl+γeff = −
4GF√
2
λt
[
C
(′)
7 Q
(′)
7γ + C
(′)
9 Q
(′)
9V + C
(′)
10Q
(′)
10A
+ C
(′)
S Q
(′)
S + C
(′)
P Q
(′)
P
]
, (7)
including, up to dimension six, the operators:
Q7γ =
√
αe
64pi3
mbs¯LσµνF
µνbR ,
Q9V =
αe
4pi
(s¯LγµbL)(¯`γ
µ`) ,
Q10A =
αe
4pi
(s¯LγµbL)(¯`γ
µγ5`) ,
QS =
αe
4pi
(s¯LbR)(¯`` ) ,
QP =
αe
4pi
(s¯LbR)(¯`γ
5`) . (8)
Note that in eq. (8) we have omitted tensorial semilep-
tonic structures under the reasonable assumption that
NP exhibits a mass gap above the electroweak (EW)
scale [43]. We have also omitted other hadronic op-
erators that may arise beyond the SM, since we are
focusing on LFUV. The primed operators Q′i are ob-
tained from eq. (8) substituting PR,L → PL,R in the
corresponding quark bilinears. Throughout the paper,
CKM factors are defined as λi = VisV ∗ib = Vi2V
∗
i3, with
i = {u, c, t} = {1, 2, 3}.
The short-distance physics in eqs. (4)-(8) is, in gen-
eral, captured by the Wilson coefficients (WCs), de-
noted as effective couplings C(′). Within the SM, at
the dimension-six level, semileptonic chirality-flipped
and (pseudo)scalar operators can be neglected, however
they are potentially relevant for the study of NP ef-
fects. In our analysis, we evaluate SM WCs at the scale
µb = 4.8 GeV using state-of-the-art QCD and QED per-
turbative corrections, both in the matching [172–174]
and in the anomalous dimension of the operators in-
volved [174–177].1 We note that the remaining theoret-
ical uncertainty on the SM WCs, at the level of few
percent, can be neglected in this work.
In the absence of a unique UV complete model that
can potentially be responsible for the measured hints
of anomalies in the b → s transitions, the formalism
of the effective Hamiltonian is extremely powerful. It
allows to study the effects of BSM physics in a model-
independent manner, where the presence of NP effects
manifests itself as (lepton-flavour dependent) shifts of
the WCs with respect to the SM values2. On the basis
of previous global analyses which allow for LFUV ef-
fects [162–167, 179–183], in this paper we allow for NP
effects in the WCs of the operators Q(′) `=e,µ9,10,S,P . We do
not consider the case of NP effects in dipole operator
coefficients C(′)7 , since such a possibility is severely con-
strained by the inclusive radiative branching fraction
of B → Xsγ among other measurements [184] and it is
anyway irrelevant for LFUV. Moreover, in the following
we also set aside the possibility of NP effects entering
in eq. (5), a case considered in the study by the authors
of [73]. Our choice is, once more, primarily driven by our
focus on LFUV effects. On more general grounds, one
should stress that decoding LFU-conserving NP effects
in current b→ s data – a possibility recently considered
in [185] – may be a challenging task [186], especially in
light of unknown hadronic contributions.
Let us consider the B¯ → K¯∗`+`− transition as an
example for setting up our notation. From the Hamilto-
nian defined in eq. (4), it is possible to write down seven
independent helicity amplitudes that, in full generality,
describe a (pseudo)scalar particle decaying into a vec-
tor state and a dilepton pair. These helicity amplitudes
can be combined together to define the decay branch-
ing ratio and the largest independent set of angular ob-
servables. In the basis defined in [29], these structures
within the SM can be schematically written as:3
HλV ∝
{
CSM9 V˜Lλ +
m2B
q2
[
2mb
mB
CSM7 T˜Lλ − 16pi2hλ
]}
,
HλA ∝ CSM10 V˜Lλ , HP ∝
m`mb
q2
CSM10
(
S˜L − ms
mb
S˜R
)
,
(9)
1The scale µb is here set by the scale at which form factors
have been computed [178].
2In the present work, while we treat the SM short distance
with all available quantum corrections included, for the NP
WCs we neglect the running induced by gauge couplings.
Consequently, they stay constant from the scale they have
been generated, with the notable exception of the SMEFT
contributions arsing only at one-loop via RGE, see section 2.2
and Appendix B.
3Here we do not include the negligible contributions to C(
′)
S,P
from the SM for clarity.
4with λ = 0,±. The factorizable part of these ampli-
tudes, i.e. the one involving matrix elements of semilep-
tonic local operators, is described by means of seven
independent form factors, V˜0,±, T˜0,± and S˜ which are
smooth functions of q2. In eq. (9) these are defined
following the convention described in appendix A of
ref. [31]. In addition to form factors, at first order in
αe, non-local contributions arise from the insertion of a
quark current with each of the operators appearing in
eq. (5) [23,29]. As a result, non-factorizable QCD power
corrections appear inHλV according to the hadronic cor-
relator [30,31,181,187]:
hλ(q
2) =
∗µ(λ)
m2B
∫
d4x eiqx〈K¯∗|T{jµem(x)Hhadeff (0)}|B¯〉 .
(10)
For the factorizable part, in the large-recoil region
(i.e. low dilepton invariant mass q2) two light-cone sum
rule (LCSR) computations are currently available [178,
188]. These results are in reasonable agreement with the
extrapolation of the form factors computed in lattice
QCD at low recoil [189]. The information on the same
form factors is enriched by a correlation matrix that
keeps track also of heavy-quark symmetry relations as
discussed in section 2.2 of ref. [178].
On the contrary, the theoretical estimate of non-
factorizable terms – denoted here generically by hλ –
is not so well under control. For the processes of inter-
est, the largest contribution arises from current-current
operators involving charm quarks, specifically Qc2 [23,
24], not parametrically suppressed by CKM factors or
small WCs. This charm-loop effect stemming out of
eq. (10) is therefore a genuine long-distance contribu-
tion: it implies potentially sizable non-perturbative ef-
fects involving the charm quark pair with strong phases
that are very difficult to estimate. While at low q2
hard-gluon exchanges in the charm-loop amplitude can
be addressed in the framework of QCD factorization
(QCDF) [190], the evaluation of soft-gluon exchange
effects remains, in this context, the toughest theoret-
ical task [191]. A detailed analysis of soft-gluon ex-
changes in B → K transitions has been performed in
ref. [24]. There these contributions turned out to be
sub-dominant in comparison with the QCDF estimate
of the hard-gluon contributions, supporting previous re-
sults presented in [23].
ForB → K∗, the only estimate of hλ currently avail-
able is the one carried out in ref. [23] using LCSR tech-
niques in the single soft-gluon approximation, valid for
q2  4m2c . The regime of validity of the result is then
extended to the whole large-recoil region by means of a
phenomenological model based on dispersion relations.
While an estimate of the error budget is attempted in
ref. [23], there are potentially large systematic effects,
related for instance to the lack of control over strong
phases, that are difficult to quantify reliably, in particu-
lar when approaching the cc¯ threshold at q2 ∼ 4m2c [31],
close to the J/ψ resonance where quark-hadron dual-
ity is questionable even in the heavy quark limit [192].
Note that the same considerations also apply to the case
of Bs → φ`+`−, for which a similar LCSR evaluation
of the charm-loop effect is still pending, leaving room
also for appreciable SU(3)F breaking effects [26].
Recently, renewed attempts to obtain a better grasp
of the non-factorizable terms have appeared in the lit-
erature [27,28]. Both works turn out to be in agreement
with the results from ref. [23]. However, in ref. [27] –
where hλ is assumed to be well-described as a sum of
relativistic Breit-Wigner functions – the authors found
a very similar result to the one in [23] only in the case of
vanishing strong phases, while quite different outcomes
may be obtained for different assumptions on the same
phases. In turn, the authors of ref. [28] exploited the
analytic properties of the amplitudes in order to per-
form a conformal expansion of hλ, isolating physical
poles and ensuring unitarity. They use resonant data
and additional theoretical information at negative q2
to fix the coefficients of the expansion, including esti-
mates of strong phases due to the presence of a second
branch cut in the amplitude (generated for instance by
intermediate states with two charmed mesons), which
represents a challenge for the formalism as well as for
the numerical estimate. Despite the quite good agree-
ment with the numerical result presented in [23], the
coefficients obtained in [28] for the z-expansion of hλ
point to a poor convergence of the series, casting doubts
on the actual q2 shape of the hλ functions if more terms
were to be included in the expansion.
In this work, we are therefore well-motivated to con-
sider the available LCSR estimates on hλ from ref. [23]
with a certain degree of caution. To this end, we have
already proposed in refs. [31, 32, 166] a phenomenolog-
ical expansion of hλ in powers of q2 in the large-recoil
region, inspired by ref. [30]. We use B → K∗µ+µ− and
B → K∗γ measurements in order to constrain the co-
efficients of the expansion, and enforce the results from
ref. [23] under two different scenarios:
– A phenomenological model driven (PMD) approach,
employing LCSR results extrapolated by means of
dispersion relations in the whole low-q2 region for
the decay;
– A phenomenological data driven (PDD) approach,
taking into account LCSR results only far from the
cc¯ threshold and exploiting the results in ref. [23] for
5q2 = 0, 1 GeV2, with their phases and q2 dependence
inferred from experimental data.
It is important to note that the PDD approach entails a
loss of constraining power in the NP analysis, as some of
the hadronic coefficients can mimic LFU NP effects, and
therefore should be considered as the most conservative
approach towards the assessment of NP effects. Even-
tually, we also highlight that – differently from what
done in ref. [193] – the extraction of the hadronic co-
efficients in the PDD approach relies essentially on the
experimental information stemming from the same q2
region where our phenomenological expansion is used.
To better investigate the interplay between hadronic
contributions and possible NP ones, in this work we
use a recent improvement of our parameterization for
hλ with the expansion presented in [39]:
h−(q2) = − mb
8pi2mB
T˜L−(q2)h
(0)
− −
V˜L−(q2)
16pi2m2B
h
(1)
− q
2
+ h
(2)
− q
4 +O(q6) ,
h+(q
2) = − mb
8pi2mB
T˜L+(q
2)h
(0)
− −
V˜L+(q
2)
16pi2m2B
h
(1)
− q
2
+ h
(0)
+ + h
(1)
+ q
2 + h
(2)
+ q
4 +O(q6) ,
h0(q
2) = − mb
8pi2mB
T˜L0(q
2)h
(0)
− −
V˜L0(q
2)
16pi2m2B
h
(1)
− q
2
+ h
(0)
0
√
q2 + h
(1)
0 (q
2)
3
2 +O((q2) 52 ) . (11)
This choice allows us to write the helicity amplitudes
HλV in eq. (9) as
H−V ∝
{(
CSM9 + h
(1)
−
)
V˜L−
+
m2B
q2
[
2mb
mB
(
CSM7 + h
(0)
−
)
T˜L− − 16pi2h(2)− q4
]}
,
H+V ∝
{(
CSM9 + h
(1)
−
)
V˜L+ +
m2B
q2
[
2mb
mB
(
CSM7 + h
(0)
−
)
T˜L+
− 16pi2
(
h
(0)
+ + h
(1)
+ q
2 + h
(2)
+ q
4
)]}
,
H0V ∝
{(
CSM9 + h
(1)
−
)
V˜L0 +
m2B
q2
[
2mb
mB
(
CSM7 + h
(0)
−
)
T˜L0
− 16pi2
√
q2
(
h
(0)
0 + h
(1)
0 q
2
)]}
. (12)
With this definition for the hλ-coefficients, it is man-
ifest that h(0)− and h
(1)
− can be considered as constant
shifts to the WCs CSM7,9 , hence indistinguishable from
NP contributions to Q7γ,9V . Consequently, it is not pos-
sible to extract h(0)− and h
(1)
− directly from data unless
one assumes the absence of NP effects. On the other
hand, it is also not possible to ascertain the presence of
NP without a theory input for these hadronic effects.
The advantage of the parameterization in eqs. (11)-(12)
becomes clear when any of the remaining hλ-coefficients
turns out to be non-vanishing, since they likely spot
purely hadronic contributions.4 In section 3 we report
the details of the implementation of our PMD and PDD
approaches for non-factorizable contributions in the present
numerical analysis.
2.2 The SMEFT perspective
Previous model-independent analyses of b → s`+`−
anomalies have essentially pointed to O(10 TeV) NP for
O(1) effective couplings in order to produce a ∼ 25%
shift of the SM WC values of the semileptonic operators
Q9V,10A. The UV dynamics underlying these NP effects
is then expected to exhibit a reasonable mass gap with
the SM theory. Hence, a quite natural choice for deeper
BSM insights is the gauge-invariant framework of the
SMEFT [194,195].
NP imprints in b → s transitions in the context
of SM gauge-invariant operators have been extensively
investigated in [43, 53, 196] and a systematic study of
flavour physics constraints from ∆F = 2 processes in
the SMEFT has been recently performed in [197]. For
b→ s`+`− anomalies, a dedicated analysis with SMEFT
operators was already carried out in ref. [76]. In what
follows we proceed along the lines outlined in these
works.5 The set of SU(2)L×U(1)Y invariant four-fermion
operators in which we are mainly interested in this
study reads:
OLQ
(1)
ijkl = (L¯iγµLj)(Q¯kγ
µQl) ,
OLQ
(3)
ijkl = (L¯iγµτ
ALj)(Q¯kγ
µτAQl) ,
OQeijkl = (Q¯iγµQj)(e¯kγ
µel) ,
OLdijkl = (L¯iγµLj)(d¯kγ
µdl) ,
Oedijkl = (e¯iγµej)(d¯kγ
µdl) ,
OLedQijkl = (L¯iej)(d¯kQl) , (13)
where i, j, k, l = 1, 2, 3 are generation indices, τA=1,2,3
are Pauli matrices (a sum over A in the equations above
is understood), weak doublets are in upper case and
SU(2)L singlets are in lower case.
The operators appearing in eq. (13) correspond to
the set that matches at tree level on the semileptonic
operators in eq. (8) in an operator product expansion
4Note that this statement is accurate as long as NP effects
do not feed any of the WCs in eq. (5).
5We are not going to take into account the SMEFT contri-
butions to the CKM parameters recently worked out in [198],
since they cannot accommodate for LFUV effects.
6truncated at dimension six. The SMEFT tree-level match-
ing is naturally performed at the scale µEW ∼ O(MW ).
For BSM dynamics that distinguishes the lepton flavour
` = {e, µ, τ} = {1, 2, 3} in b → s transitions, the rela-
tions connecting the WCs of Q(′)9,10,S,P to the ones in
the SMEFT-operator basis are:6
CNP9,` = NΛ
(
CLQ
(1)
``23 + C
LQ(3)
``23 + C
Qe
23``
)
,
CNP10,` = NΛ
(
CQe23`` − CLQ
(1)
``23 − CLQ
(3)
``23
)
,
C ′,NP9,` = NΛ
(
Ced``23 + C
Ld
``23
)
,
C ′,NP10,` = NΛ
(
Ced``23 − CLd``23
)
,
CNPS,` = −CNPP,` = NΛ CLedQ``23 ,
C ′,NPS,` = C
′,NP
P,` = NΛ
(
CLedQ``32
)∗
, (14)
where we introduced the complex factor
NΛ ≡ (piv2)/(αeλtΛ2),
with v2/2 = 〈H†H〉,H being the SM Higgs doublet. For
a NP scale Λ of 30 TeV one has |NΛ| ' 0.7. Eq. (14)
is valid in the basis where charged lepton and down-
type quark Yukawa couplings are diagonal. This choice
simplifies the analysis by avoiding lepton flavour vio-
lation and constraints from quark flavour transitions
other than b→ s.
Note that even under this assumption, the opera-
tors in eq. (13) may be, in principle, testable in other
interesting processes other than b→ s`+`− transitions.
The most notable opportunity may be offered by the
channel B → K(∗)νν¯ [201], sensitive to the operators
composed of weak doublets in both lepton and quark
currents. At the present experimental sensitivity [202],
this channel turns out to have a relatively mild interplay
with b → s`+`− measurements [86, 113]. Interestingly,
with the advent of more data [34] one may hope to dis-
tinguish NP effects of OLQ
(3)
from the ones of OLQ
(1)
due to an accurately measured light-lepton LFUV ra-
tio in semileptonic b → c transitions [54, 86]. Still, for
the purposes of our model-independent study, OLQ
(1,3)
ii23 ,
i = {1, 2}, are indistinguishable, as in ref. [76]. Without
loss of generality, the set of operators in eq. (13) remains
indeed the one primarily sensitive to the measurements
considered in this work.
Going beyond eq. (13), one may extend the discus-
sion to the operators induced at one-loop level that are
a genuine product of the renormalization group evolu-
tion (RGE) in the SMEFT [203, 204]. Equipped with
6Dimension-six operators made of Higgs doublets and quark
bilinears should also appear [43], but yield a lepton flavour
universal contribution. They are severely constrained both by
EW and Higgs data, see [199,200], and by ∆F = 2 measure-
ments [197]. They will not be further considered here.
the aforementioned assumption on the SMEFT flavour
structure, in the leading-log approximation and leading
expansion in the top Yukawa coupling yt, the matching
conditions induced by one-loop RGE read as:
CNP9,` = NΛ λt
( yt
4pi
)2
log
(
Λ
µEW
) (
CHL
(3)
`` − CHL
(1)
``
− CHe`` + CLu``33 + Ceu``33
)
,
CNP10,` = NΛ λt
( yt
4pi
)2
log
(
Λ
µEW
) (
CHL
(1)
`` − CHL
(3)
``
− CHe`` − CLu``33 + Ceu``33
)
, (15)
where we have reported again only contributions that
matter for the discussion of LFUV effects coming from
dimension-six operators with Higgs doublet and lepton
bilinears,
OHL
(1)
`` = (H
†i
↔
DµH)(L¯`γ
µL`) ,
OHL
(3)
`` = (H
†i
↔A
DµH)(L¯`γ
µτAL`) ,
OHe`` = (H
†i
↔
DµH)(e¯`γ
µe`) , (16)
together with semileptonic operators involving a right-
handed top-quark current,
OLu``33 = (L¯`γµL`)(u¯3γ
µu3) ,
Oeu``33 = (e¯`γµe`)(u¯3γ
µu3) . (17)
The expression in eq. (15) needs to be added to the
tree-level matching already given in eq. (14). Next-to-
leading order SMEFT matching conditions, invoked to
reduce the matching-scale dependence on the overall re-
sult (and involving renormalization scheme-dependent
finite parts of one-loop diagrams), have been computed
in refs. [196, 205]. Within the leading-log approxima-
tion undertaken in this work, these corrections should
be considered as sub-leading to the RGE-induced con-
tributions given in eq. (15). Obviously, the same ∼ 25%
shift of the SMWC C9,10 needed for a qualitative expla-
nation of b→ s`+`− anomalies, if obtained through the
RG mixing in eq. (15), requires NP scales of O(TeV) for
O(1) couplings. Therefore, in these particular scenar-
ios the underlying BSM physics should be much closer
to collider reach compared to cases in which the op-
erators in eq. (14) are directly generated by NP [95].
As already commented in ref. [76], operators appear-
ing in eq. (16) are particularly well constrained by EW
precision observables [199,200], making them irrelevant
in the present context. Our analysis on SMEFT RGE-
induced contributions will then focus only on the op-
erators listed in eq. (17) above. Note, however, that
these operators can also be constrained at the loop level
7by EW data, see refs. [131, 206]. We dedicate our Ap-
pendix B to the inspection of this set of operators,
where we highlight a non-trivial interplay between the
assumption made on hadronic contributions in anal-
ysis of b → s`+`− data and the information coming
from EW precision measurements relevant in this con-
text [207].
2.3 New Physics effects in RK
We wish to end this section reviewing the relevance of
RK for NP and its complementarity with other present
and possibly forthcoming LFUV measurements, as RK∗
and Rφ. This completes the stage setup for the pre-
sentation and discussion of the results collected in sec-
tion 4.
The ratio reported in eq. (1) can be reasonably ap-
proximated in terms of a simple phenomenological for-
mula. Since the minimum q2-value probed in the bin
of interest is much greater than light lepton masses
and it is far from the light-cone region, one may ne-
glect effects proportional to m2` and the contribution
coming from the electromagnetic dipole operator. Fur-
thermore, one may also opt to neglect non-factorizable
hadronic contributions present in B → K`+`−, retain-
ing them as sub-leading effects, possibly supported by
the estimates illustrated in ref [24]. Then, up to percent
level QED corrections discussed in ref. [208], similarly
to refs. [76,162,163,167] we can express RK in terms of
NP WCs simply as:
RK [1.1, 6] '{
1 + 0.23(CNP9,µ + C
′,NP
9,µ )− 0.25(CNP10,µ + C ′,NP10,µ )
+ 0.057(CNP9,µC
′,NP
9,µ + C
NP
10,µC
′,NP
10,µ ) + 0.029
[
(CNP9,µ )
2
+ (C ′,NP9,µ )
2 + (CNP10,µ)
2 + (C ′,NP10,µ )
2
]}/
{1 + µ→ e}
(18)
or in terms of the WCs for the gauge-invariant combi-
nations in eq. (13):
RK [1.1, 6] '{
1 + rΛ
[
0.16(Ced2223 + C
Qe
2322)− 5.1(CLd2223 + CLQ2223)
+ 13rΛ
(
Ced2223C
Qe
2322 + C
Ld
2223C
LQ
2223
)
+ 6.6rΛ
(
(Ced2223)
2 + (CQe2322)
2 + (CLd2223)
2
+ (CLQ2223)
2
)]}/{
1 + rΛ [22 → 11]
}
, (19)
where in the last expression CLQ``23 ≡ CLQ
(1)
``23 + C
LQ(3)
``23 ,
rΛ ≡ 103(v/Λ)2 and λt is approximated as real. In both
eqs. (18) - (19), we assume real NP coefficients. Notice
that, in the cases at hand, quadratic terms are sup-
pressed as ( piαe
v2
Λ2 )
2, while linear terms with dimension-
eight operators are suppressed as piαe
v4
Λ4 . Therefore, we
can meaningfully retain the quadratic terms. Moreover,
we have neglected the NP contribution of (pseudo)scalar
operators: while being constrained by B → `+`− mea-
surements, these operators cannot address at the same
time other b → s`+`− anomalies as the one(s) related
to RK∗ .7 Finally, note that if one would like to consider
also tensor structures [44], a combined explanation of
RK and RK∗ would not be possible [94], and embedding
in UV models would be challenging [3, 43].
In fig. 1 we show the impact on RK in the bin dis-
cussed so far of each of the operators considered here in
the WET (left panel), see eq. (18), and in the SMEFT
(right panel), see eq. (19). The range on the x-axis in
fig. 1 covers O(1) effects relative to the short-distance
SM contributions. The SM limit is emphasized by the
silver dot-dashed lines, and the new RK measurement
is represented by the horizontal orange band, drawn
according to experimental central value and standard
deviation, see eq. (1).
It is clear from what is depicted for the WET that
operators featuring both left-handed and right-handed
b → s currents are eligible for a satisfactory explana-
tion of the measured value of RK . In particular, one
cannot distinguish effective couplings related to left-
handed or right-handed b → s currents within opera-
tors that have the same leptonic structure, since they
constructively interfere in eq. (18). Moreover, as high-
lighted in the plot, the NP contribution required to ex-
plain the present RK measurement is now about one
fifth of the SM one. Therefore, the linearized limit of
eq. (18) may be a good approximation in order to ap-
preciate how LFUV effects actually probe the µ−e com-
bination of the leptonic current. This fact is captured
in the plot by the mirror-like behaviour of red-blue and
magenta-cyan line pairs with respect to the SM limit.
In the same panel, axial and vectorial leptonic effective
couplings turn out also to be mirror-like as a reflection
of the SM result: CSM9 ∼ −CSM10 .
Similar considerations apply to the case of SMEFT
operators with leptonic weak doublets, requiring only
about 15% of the SM WC value for Q9V,10A to accom-
modate RK within a NP scale of Λ = 30 TeV, yield-
ing |CLQ,Ld``23 | ∼ 0.8. However, the correlations induced
by the SU(2)L × U(1)Y gauge symmetry no longer al-
low a full set of 8 different viable solutions for the RK
anomaly. From the right panel of fig. 1, NP effects from
SMEFT operators featuring exclusively right-handed
7Within the SMEFT, they cannot simultaneously explain the
RK anomaly as well.
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Fig. 1 The impact on RK of each of the NP operators in the two EFT frameworks considered. The orange band highlights
the new RK measurement, while the dashed-dot silver lines mark the SM value. In both panels the range on the x-axis covers
up to O(1) effects with respect to SM short distance relatively to the low-energy scale µb ∼ mb. SMEFT contributions are
assumed to be generated at the NP scale of 30 TeV.
muonic currents are ruled out, while the electronic coun-
terparts are still available at the expense of larger NP
effects, & 35% of the SM short-distance physics for
the same Λ = 30 TeV. Interestingly, among the RGE-
induced set of operators reported in eq. (17) we can
then exclude Oeu2233.
The bottom line drawn from fig. 1 refers merely to
the inspection of one single operator at a time con-
tributing toRK . However, in the broader picture offered
by the whole set of available b→ s`+`− measurements,
we may end up with observable quantities that provide
information on NP orthogonal to what outlined from
the RK anatomy. Of particular significance, the LFUV
ratio RK∗ has been originally recognized in ref. [47] to
be a complementary probe of NP with respect to RK .
Indeed, while being very sensitive to BSM physics, in
the limit where the longitudinal polarization fraction
in the B → K∗`+`− channel were exactly equal to
unity, RK∗ would be fully sensitive to destructive in-
terference between left-handed and right-handed b→ s
effective couplings, and hence complementary to what
is depicted in eq. (18) for RK . In the same spirit of
ref. [167], one may then look at the ratio of measured
LFUV ratios, i.e. the RK∗ experimental value in the bin
[1.1,6] GeV2 from [42, 169] over the new measurement
of RK from [168],
RK∗ [1.1, 6]/RK [1.1, 6] ' 0.86± 0.13, (20)
discovering a hint for non-zero effective couplings for
the operators Q′9V,10A, part of eq. (7). Moreover, going
beyond LFUV observables, one may supplement the in-
formation of eq. (20) with the measurements of B →
K(∗)µ+µ− branching fractions and, most importantly,
with the related angular analyses. In particular, with
the inclusion of the angular observable P ′5 – particularly
sensitive to NP effects in the operator Q9V [180,209] –
one may end up concluding that the new experimental
value of RK currently points to effects in both left-
handed and right-handed b→ s currents of dimension-
six operators built up with the muonic vectorial cur-
rent. As such, previously claimed minimal solutions for
b → s`+`− anomalies – involving only Q9V or OLQ –
would now seem to be more disfavoured in view of the
need for NP effects also in right-handed currents.
Unfortunately, the above qualitative considerations
remain subject to several uncertainties. First of all,
the longitudinal polarization fraction of B → K∗`+`−
in the bin of interest is not equal to unity [210]: this
fact already makes the RK∗ observable less orthogo-
nal to RK in the study of NP [163]. Moreover, longi-
tudinal and transverse polarization fractions are sen-
sitive to ΛQCD/mb power corrections not fully under
control [47,163]. This also suggests an experimental in-
formation that would be important to handle in the
future: the measurement of RT,LK∗ [1.1, 6], i.e. the ratio of
longitudinal and transverse parts of the B → K∗`+`−
amplitude in the q2-bin [1.1,6] GeV2. These quantities
would be less sensitive to unknown hadronic effects,
and distinctively sensitive to NP effects in C9,10±C ′9,10
combinations [163, 166]. Similar information could be
extracted from Bs → φ`+`− as well.
Secondly, as already noted at the beginning of sec-
tion 2, the same angular observables measured in B →
K∗µ+µ− are also affected by non-factorizable QCD ef-
fects. Only corresponding LFUV combinations as the
one proposed in ref. [35, 36] and recently reanalyzed
in [186] may help to disentangle genuine NP effects from
hadronic contributions theoretically not well-understood.
At present, the only available measurement of this sort
is given by Belle [14] and it is (unfortunately) of limited
statistical significance, but more will certainly come in
the next years [34].
In the end, a careful study of b → s`+`− anoma-
lies calls for a global analysis that can go well beyond
the qualitative picture highlighted above, taking care of
9all the aforementioned subtleties in a framework where
a non-trivial interplay between genuine NP effects and
hadronic contributions is allowed. The analysis performed
in this study, presented in section 4, is precisely dedi-
cated to make interpretations of the underlying NP sce-
narios behind current b → s`+`− anomalies as robust
as possible.
3 Experimental and theoretical input
In this section we plan to review the baseline of our
analysis, the experimental dataset included, and the as-
sumptions made throughout this work. In the present
study we perform a global analysis on a comprehensive
set of b → s`+`− data with state-of-the-art theoretical
computations, within a Bayesian framework.
We adopt for this matter the public HEPfit pack-
age [211], whose Markov Chain Monte Carlo (MCMC)
analysis framework employs the Bayesian Analysis Toolkit
(BAT) [212]. In our MCMC analysis we vary from a
minimum of 60 to a maximum of 80 parameters on a
case by case basis. Within the Metropolis-Hastings al-
gorithm implemented in BAT, we set up, for the sce-
narios presented in section 4, MCMC runs involving 240
chains with a total of 2.4 million events per run, col-
lected after an equivalent number of pre-run iterations.
We perform a Bayesian model comparison between
different scenarios evaluating for each of them an Infor-
mation Criterion (IC). This quantity offers an approx-
imation of the predictive accuracy of the model [213],
and it is characterized by the mean and the variance of
the posterior probability density function (p.d.f.) of the
log-likelihood logL, see ref. [214],
IC ≡ −2logL + 4σ2logL , (21)
where the first term gives an estimate of the predictive
accuracy (actually, an overestimate since the same data
have already been used in the fit), and the second term
corrects for the overestimate by adding a penalty fac-
tor which counts the effective number of fitted param-
eters. Model selection between two scenarios proceeds
according to the smallest IC value reported and the ex-
tent to which a model should be preferred over another
one follows the canonical scale of evidence of ref. [215],
related in this context to (positive) IC differences. In
the following section 4, for convenience we are going to
present a discussion based on ∆IC ≡ ICSM − ICNP .8
In particular, we quote in tables 1 and 2 for each NP
8It is interesting to perform a SM global fit in order to have
reference values for the IC to compare with. The fits yield
an IC of 193 for the PDD approach, and 215 for the PMD
one. Recalling that models with smaller values for the IC
are preferred, the PDD approach provides a better SM fit
scenario the ∆IC value. We wish to stress that a larger
value of ∆IC corresponds to a better improvement of
the model compared to the SM.
Regarding the experimental dataset considered in
this study, we include all the most recent measurements
related to b→ s`+`− transitions that can have a valu-
able impact in our global fit. We briefly list them below
with some additional comments:
– All the angular observables and branching ratio in-
formation on B → K∗µ+µ− from the experimental
results obtained by LHCb [10, 13], Belle [14], AT-
LAS [15] and CMS [16, 17] collaborations. When
available, we always take into account experimental
correlations between the measurements performed
in the same bin. Note that we restrict here only to
the large-recoil region, i.e. q2 values below the J/ψ
resonance, excluding measurements in the (theoret-
ically challenging) broad-charmonium region.
– B → K∗e+e− angular observables from LHCb in
the available q2 bin, [0.002, 1.12] GeV2 [11].
– Angular observables and branching ratio of Bs →
φµ+µ− provided by LHCb [12].
– Branching ratio of Bs → µ+µ− measured by LHCb
[216], CMS [217], and most recently by ATLAS [218].
Note that we also employ the upper limit on Bs →
e+e− decay reported by HFLAV [219], useful for the
study of NP coupled to electrons [83].
– Branching ratios for B(+) → K(+)µ+µ− decays in
the large-recoil region by LHCb [8].
– Branching ratios for the radiative decay B → K∗γ,
from HFLAV [219], and for Bs → φγ as measured
by LHCb [220]. While we are not going to consider
NP effects in dipole operators, these measurements
are relevant in our PDD approach.
– LFUV ratios including the very recent updates: RK∗
in both q2 bins, [0.045, 1.1] GeV2 and [1.1, 6] GeV2
[42, 169], and the RK measurement [168].
Concerning the inputs from the theory side, our
analysis is characterized in particular by the set of pa-
rameters defining form factors and non-factorizable hadronic
contributions. For the former we rely on the computa-
tion presented in [178] for B → K∗ and Bs → φ am-
plitudes, as we take into account experimental informa-
tion coming from both channels;9 for the B → K chan-
nel, we adopt lattice QCD results extrapolated from
the zero-recoil region to low-q2 values as provided in
compared to the PMD one, since anomalies in the angular
analysis of B → K∗µ+µ− can be accommodated through
larger long-distance contributions, see ref. [31].
9The latest LCSR update from ref. [188], while providing an
important independent cross-check of several results present
in [178], does not include the estimate of Bs → φ matrix
elements.
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ref. [221]. For all the form-factor parameters adopted
in this study we adopt multi-variate Gaussian distri-
bution priors in order to include correlation matrices
reported in the relevant literature.
Regarding the non-factorizable part of the ampli-
tudes, we include hard-gluon contributions following
what already outlined in detail in our previous work [166],
while we proceed here differently for what regards our
treatment of soft-gluon exchanges.
In the PMD approach, we do not expand eq. (10)
in powers of q2, but we directly express it in terms of
the phenomenological expression given by eq. (7.14) of
ref. [23],10 and we flatly distribute all the involved pa-
rameters according to the ranges reported in table 2
of the same reference. In order to allow for imaginary
parts as well, each of the three charm-loop amplitudes
in ref. [23] is multiplied by a complex phase, flatly vary-
ing each angle within [0, 2pi), yielding a total of 12
parameters to describe the non-perturbative hadronic
contributions within this approach.
In the PDD approach, corresponding here to the
parameterization in eq. (11), we allow for flat priors on
the absolute values of h(i)λ coefficients and enforce as a
theory weight in the likelihood the results obtained at
q2 = 0, 1 GeV2 within the LCSR estimate of ref. [23].
The following prior ranges are chosen in order to well
determine the p.d.f. of each parameter:
|h(0)− | ∈ [0, 0.1] , |h(1)− | ∈ [0, 4] , |h(2)− | ∈ [0, 0.0001] ,
|h(0)+ | ∈ [0, 0.0001] , |h(1)+ | ∈ [0, 0.0005] , |h(2)+ | ∈ [0, 0.0001] ,
|h(0)0 | ∈ [0, 0.002] , |h(1)0 | ∈ [0, 0.0004] , (22)
i.e. a larger range for the above priors would not alter
our results. Most importantly, each of the coefficients
related to the absolute values in eq. (22) has a corre-
sponding complex free phase. Therefore, our PDD ap-
proach is defined by a a total of 16 parameters. We used
the same set of parameters in eq. (22) to also describe
the soft-gluon contributions in the case of Bs → φ,
leaving possibly interesting SU(3)F -breaking effects to
a future investigation. Eventually, for B → K transi-
tions we only include non-factorizable hadronic effects
coming from hard-gluon exchanges, motivated by the
results of ref. [24]. 11
We conclude this section mentioning that the rest of
the SM parameters varied in our analysis can be found
10In [166] we were power-expanding hλ correlators and en-
forcing the numerical results obtained from ref. [23] in the
whole large-recoil region as theory weights in the likelihood.
Our new procedure for the PMD approach allows now to
adopt the outcome of ref. [23] genuinely as a set of flat priors.
11Nevertheless, we have tested explicitly for the case of the
scenario involving CNP9,µ that introducing the equivalent of the
PDD approach also for the B → K channel does not have a
relevant impact on the results of our fit.
in table 1 of ref. [166], while for NP WCs, we adopt
in general flat priors in the range [-10, 10], assuming
they are real. Note that some of the NP scenarios here
considered showed multi-modal p.d.f.s. In such cases
we focused on the NP solution closer to the SM limit,
identified by CNPi = 0. Finally, we point out that all
our findings for the study of the SMEFT in section 4
assume a NP scale set to 30 TeV. In order to read out
SMEFT WCs at a different NP scale Λ, one needs to
re-scale the results given in section 4 appropriately.
4 EFT results from the new RK measurement
In this section we present our results. We perform sev-
eral fits to the experimental measurements listed in sec-
tion 3, differentiated by the set of NP WC(s) consid-
ered. We employ the PDD approach in all the scenar-
ios examined, while exploring the PMD approach only
when it can provide a satisfactory fit to current data, i.e.
when NP effects built up from left-handed b → s cur-
rents coupled to vector-like (purely left-handed) muonic
currents are involved in the WET (SMEFT) formalism.
The goodness of the fit is here evaluated by means of the
IC, defined in eq. (21), while the details of the PMD and
PDD approaches have been presented in section 2.1.
The primary goal of this analysis consists in the
study of the interplay between the new RK measure-
ment and NP. In particular, we investigate whether the
update of RK combined with the current RK∗ measure-
ment can actually have an impact on the viable solu-
tions to the anomalies in b → s transitions allowed by
the previous RK from Run I of LHC. To this end, we
report in tables 1 and 2 the results for the fitted val-
ues of the WCs in each of the models scrutinized here,
employing the WET and the SMEFT formalism respec-
tively. ∆IC values are also reported in the same table,
marking the improvement with respect to the SM, see
the discussion following eq. (21) in section 3. Finally,
results for what we retain as key observables for our
study are also reported in tables 3 and 4, differentiat-
ing once again scenarios in the WET or in the SMEFT,
respectively.
Our main results are illustrated here as follows. The
posterior p.d.f.s obtained for NP coefficients are shown
in figures 2 - 9. Fig. 2 refers to scenarios where a sin-
gle WC is taken into account. Figs. 3 - 4 involve fits
with two operators at the same time and correspond
to two popular benchmarks previously studied in lit-
erature. Figs. 5 - 8 correspond to 2D scenarios where
NP effects in the form of b → s right-handed currents
are present. Finally, in fig. 9 the result for the largest
set of SM gauge-invariant operators probed by current
experimental data is presented.
11
mean(rms) ∆IC
CNP9,µ
-1.20(27) 14
-1.21(16) 50
CNP10,e -0.87(24) 15
(CNP9,µ, C
NP
9,e )
(-1.61(48), -0.56(53)) 13
(-1.28(18), -0.27(34)) 48
(CNP9,µ, C
′,NP
9,µ )
(-1.61(33), 0.72(34)) 17
(-1.30(15), 0.53(24)) 54
(CNP9,µ, C
′,NP
10,µ )
(-1.55(32), -0.44(14)) 24
(-1.38(16), -0.37(12)) 61
(CNP10,µ, C
′,NP
9,µ ) (0.73(17), -0.04(24)) 17
(CNP10,µ, C
′,NP
10,µ ) (0.75(16), 0.04(17)) 16
(CNP9,e , C
′,NP
9,e ) (1.51(38), -0.81(37)) 10
(CNP9,e , C
′,NP
10,e ) (1.36(32), 0.87(40)) 11
(CNP10,e, C
′,NP
9,e ) (-1.06(54), -0.46(46)) 12
(CNP10,e, C
′,NP
10,e ) (-1.01(28), 0.29(29)) 12
Table 1 Values of the WET WCs fit from data in all the
considered scenarios along with relative ∆IC. The gray rows
highlight the PMD results when this approach can be used to
address the experimental data in a particular scenario. The
PDD results are presented for all cases. For the definition of
the two approaches, see section 2.1.
For each considered scenario, we show both the pos-
terior p.d.f.(s) of the NP WC(s) obtained employing
the previous measurement of RK [41], and the new one
from ref. [168]. This allows one to easily compare the
impact of the new RK measurement in our analysis.
Moreover, in order to have a further insight on the role
of LFUV observables as RK and RK∗ , we also provide
in the same figures the joint probability distribution of
these ratios extracted from our fits. We give these re-
sults employing again either the 2014 measurement of
RK or its 2019 update. Our attempt is to investigate
whether scenarios previously capable of addressing the
anomalies in both the LFUV ratios remain viable after
the RK value recently presented in [168].
4.1 New Physics in b→ s left-handed currents
Let us start our discussion examining the simple situ-
ation where the underlying BSM dynamics can be en-
coded in a single operator. We focus here on three dif-
ferent benchmarks, namely we assume NP effects feed
into a left-handed b→ s current coupled to:
i) a vectorial muonic current, i.e. CNP9,µ ;
mean(rms) ∆IC
CLQ2223
0.75(14) 23
0.79(12) 37
(CLQ2223, C
Qe
2322)
(0.78(18), 0.06(32)) 21
(0.94(12), 0.67(17)) 50
(CLQ1123, C
Qe
2311) (-0.51(29), 0.96(70)) 12
(CLQ2223, C
ed
2223)
(0.74(15), 0.16(33)) 21
(0.81(12), -0.19(29)) 35
(CLQ2223, C
Ld
2223)
(0.81(15), -0.20(15)) 22
(0.80(12), -0.11(12)) 36
(CLQ1123, C
ed
1123) (-0.08(73), -2.1(14)) 12
(CLQ1123, C
Ld
1123) (-0.93(27), 0.39(27)) 12
(CQe2311, C
ed
1123) (-0.2(18), -1.3(18)) 8
(CQe2311, C
Ld
1123) (1.77(47), -0.18(24)) 9
Table 2 Values of the SMEFT WCs fit from data in all the
considered scenarios along with relative ∆IC. The gray rows
highlight the PMD results when it can address the experimen-
tal data in a particular scenario. The PDD results are pre-
sented for all cases. For the definition of the two approaches,
see section 2.1.
ii) a purely left-handed muonic current, i.e. CLQ2223 ;
iii) an axial electronic current, i.e. CNP10,e .
Leaving aside for a moment the role of LFUV ratios,
one should note that within the PMD approach: i) can
provide an optimal outcome for the B → K∗µ+µ− an-
gular analysis; ii) can provide a satisfactory descrip-
tion of the angular dataset (but worse than i), being at
the same time sensitive to observables as the forward-
backward asymmetry measured for B → K(∗)µ+µ−
and the branching fraction of B → µ+µ−); iii) badly
fails to describe such a complex experimental dataset
as long as one does not allow for large QCD power cor-
rections as in the PDD approach [166]12.
From fig. 2 we can supplement this picture with the
measurement of LFUV ratios. We note how the impact
of the RK measurement can be particularly relevant
for the final outcome. Concerning case i), we see that
the interplay of RK and RK∗ does not favour this sce-
nario any longer within the 1σ regions highlighted by
the orange bands in the plot. This is in contrast to the
previous situation given by the 2014 measurement of
RK and represented in fig. 2 by the vertical gray band.
Most importantly, the tension arising in this NP sce-
nario when accounting for current LFUV ratio measure-
12Electron LFUV couplings arising from a Z′ mediator may
be also probed by atomic-physics data [222].
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Fig. 2 First row: probability density function (p.d.f.) for the WC CNP9,µ, where the green-filled p.d.f. shows the posterior
obtained in the PMD approach after the inclusion of the updated measurement for RK , while the red-filled p.d.f. is the analogous
posterior within the PDD approach (the dashed posteriors are the ones obtained employing the 2014 RK measurement); the
following panels report the combined 2D p.d.f. of the corresponding results for RK and RK∗ , where the colour scheme follows
the one employed in the first panel. The horizontal band corresponds to the 1σ experimental region for RK∗ from [42], while
the two vertical bands corresponds to the previous and the current 1σ experimental regions for RK . Second row: analogous to
the first row, but relative to the WC CLQ2223. Third row: analogous to the first row, but relative to the WC C
NP
10,e.
ments is also evident in the case of the PDD approach
(right panel in the first row of the figure).
A different outcome arises from the inspection of
the same fig. 2 together with the help of the ∆IC in
tables 1 - 2 for the NP scenario ii). In this case, the
description of LFUV ratios RK and RK∗ turned out to
be optimal before the advent of the present RK update.
From the∆IC value in table 2 and the comparison with
the one given in table 1 for the scenario i), we can con-
clude that in the PMD approach the operator OLQ2223 is
not so well supported by b → s`+`− data. In particu-
lar, the new RK value is not addressed within the 1σ
experimental uncertainty. This fact adds to the global
information arising from the rest of the observables in
the fit: as a consequence, in the PMD framework NP
effects in OLQ2223 are now disfavoured with respect to con-
tributions present in Q9V,µ. Interestingly, in the PDD
approach the comparison between these two scenarios
is completely reversed: in particular, an inspection of
the corresponding ∆IC shows how allowing for larger
QCD power corrections makes ii) one of the scenarios
favoured by data within the PDD framework. Indeed,
the set of angular observables and the branching frac-
tion of B → µ+µ− can now perfectly coexist in this
NP scenario; the only tension remaining in the fit of
ii) is then related to this new update for RK , shown in
the right panel of central row in fig. 2, which as of now
turns out to be a very mild one.
Therefore, we wish to note that – beyond the im-
portance of the present RK update – the assumptions
made in the size of the hadronic contributions when
comparing NP scenarios turn out to be crucial. The
most evident case of this sort is certainly iii). Within a
conservative approach to QCD power corrections in the
B → K∗`+`− amplitude, this scenario offers a perfectly
viable fit to b→ s`+`− data. In particular, iii) provides
an optimal description of LFUV ratios according to
what depicted in the last row of fig. 2. However, in terms
of model comparison, it remains globally disfavoured
with respect to ii) in virtue of the information arising
from the angular measurements of B → K∗µ+µ−. In-
deed, while NP effects associated to OLQ2223 can actually
13
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Fig. 3 2D p.d.f. for the scenario with WCs (CNP9,µ, CNP9,e ) and combined 2D p.d.f. of the corresponding results for RK and
RK∗ in both the PMD and the PDD approaches, following the colour scheme defined below fig. 2. In order to highlight the
role of LFUV observables in this scenario we show in the left panels the WCs in the µ± e combination.
ameliorate b→ s`+`− anomalies as the ones related to
the so-called P ′5 observable [180], the phenomenological
viability of NP effects encoded in the effective opera-
tor Q10A,e necessarily relies on large hadronic contribu-
tions [166], making iii) a less economic alternative to
ii). This is reflected by the reported ∆IC: in the PDD
approach the improvement of the SM fit provided by
NP effects as in ii) is several units of IC larger than
the one provided by iii), making ii) much more favoured
by the current experimental dataset.
As a bottom line for the inspection of NP effects
in one single operator, in the PMD approach the B →
K∗µ+µ− angular analysis still greatly favours the pres-
ence of NP effects from Q9V,µ, while more NP sce-
narios are viable with a more conservative approach
to QCD power corrections, and a particularly favoured
one turns out to be OLQ2223. Finally, we observe how the
three scenarios discussed so far may be distinguished
with a future measurement of transverse and longitu-
dinal ratios in the q2-bin [1.1, 6], quite robust against
hadronic uncertainties, see tables 3 - 4. Among i), ii),
iii) RTK∗,φ[1.1, 6] ' 1.0 would favour NP effects from
Q9V,µ, while RTK∗,φ[1.1, 6] ' 0.8 would point to BSM
dynamics inOLQ2223, and a measurement ofR
T
K∗,φ[1.1, 6] '
0.7 would hint at NP in Q10A,e.
Let us now turn to the investigation of more com-
plex cases, where BSM dynamics is actually described
by a pair of effective operators rather than just a single
one. We start focussing on the scenario where the ef-
fective couplings of interest turn out to be (CNP9,µ , CNP9,e ).
Note from table 1 that the addition of a NP contribu-
tion coming from the electron operator Q9V,e does not
strongly improve the fit obtained with Q9V,µ: in terms
of ∆IC, both PMD and PDD approaches slightly pe-
nalize this scenario, underlying a marginal improvement
in the description of current data in correspondence to
the addition of CNP9,e . This is also captured by the LFUV
ratios in the right panels of fig. 3, where an improve-
ment is only seen in the value of RK . Moreover, the
prediction for longitudinal and transverse components
of RK∗,φ remain essentially the same for the two sce-
narios 3.
Nevertheless, this NP benchmark is particularly il-
lustrative of a study case where a robust estimate of NP
effects – i.e. as much orthogonal to hadronic effects as
possible – is actually feasible. It is indeed instructive to
recast this case in the basis where NP effective couplings
come into the linear combinations (CNP9,µ−e, CNP9,µ+e). As
already discussed in sections 2.1 - 2.3 and highlighted
e.g. in refs. [39, 223], such a choice is naturally driven
by the presence of LFUV observables in the fit, that are
maximally sensitive to µ− e combination at the linear
level in the NP WCs for Q9V . At the same time, the
µ − e combination is by definition free from hadronic
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Fig. 4 2D p.d.f. for the scenario with WCs (CNP9 , CNP10 ) and combined 2D p.d.f. of the corresponding results for RK and
RK∗ in both the PMD and the PDD approaches, following the colour scheme defined below fig. 2. We show the result in the
SM gauge-invariant language, for both the muonic (left and central column) and electronic (right column) case.
uncertainties of any sort and the determination of this
effective coupling signals unambiguously the presence
of NP, regardless of the approach chosen for the in-
clusion of hadronic contributions in the analysis. The
independence from the approach taken for QCD power
corrections is evident from the comparison of the two
panels on the left column of fig. 3: going from the PMD
to the PDD approach, NP in the µ + e direction gets
diluted by hadronic effects, while the determination of
the µ− e WC consistently differs from 0 at more than
3σ.
We then move to the inspection of cases where heavy
new degrees of freedom can generically couple the left-
handed b → s current to both vectorial and axial lep-
tonic structures or, from the BSM perspective drawn
in the SMEFT, to both left-handed and right-handed
leptonic currents. These NP scenarios generalize the
specific benchmarks i), ii), iii) discussed at the begin-
ning of the section. Left and central columns in figure 4
report the result for the PMD and PDD approach in
the case where NP effects lie in the muonic mode only,
while the PDD approach for the case of the electronic
mode is given in the right column. Comparing with
what already illustrated for i), ii), iii), with the help
of tab. 2 and the second row of fig. 4 we can easily con-
clude that NP contributions from OLQ2223 - O
Qe
2322 are still
favoured by data, slightly improving the description of
RK with respect to the minimal case i) in the PMD
approach, and the minimal case ii) in the PDD ap-
proach. Moreover, the case where NP effects arise from
the pair OLQ1123 - O
Qe
2311 is not favoured over the simpler
axial electronic proposal denoted here as iii). Interest-
ingly, from table 4 we can also observe that a measure-
ment of the transverse component of the ratios RK∗,φ
for these scenarios would be quite indicative. Indeed,
the prediction of these LFUV observables from NP ef-
fects in OLQ2223 - O
Qe
2322 points to R
T
K∗,φ[1.1, 6] ' 0.95 and
RTK∗,φ[1.1, 6] ' 0.85 in the PMD and PDD approach re-
spectively, compatible among each other only at the 1σ
level, and different from the ones obtained for i) and
ii). On the contrary, the corresponding LFUV predic-
tion from the electronic pair considered here would not
be distinguishable from what assessed already in iii).
Finally, from the same table 4 we also highlight that
the study of NP effects from the full set of four oper-
ators OLQ``23 - O
Qe
23`` with ` = {1, 2}, would not change
the important phenomenological interplay found for the
pair OLQ2223 - O
Qe
2322, but would quite distinctively predict
transverse ratios RTK∗,φ[1.1, 6] ' 0.75, independently of
the hadronic approach considered. We postpone a thor-
ough discussion on the analysis of these four operators
all together to Appendix B, where we study them in
the context of the loop-generated effects reported in
eq. (15), and where we also emphasize the possible con-
nections of b → s`+`− anomalies with EW precision
physics [199,200,207].
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Fig. 5 First row: 2D p.d.f. for the scenario with WCs (CNP9,µ, C
′,NP
9,µ ) and combined 2D p.d.f. of the corresponding results
for RK and RK∗ in both the PMD and the PDD approaches, following the colour scheme defined below fig. 2. Second row:
analogous to the first row, but relative to the WCs (CNP9,µ, C
′,NP
10,µ ). Third row: analogous to the first row, but in the PDD
approach only and relative to the WCs (CNP10,µ, C
′,NP
9,µ ) and (C
NP
10,µ, C
′,NP
10,µ ).
4.2 New Physics in both b→ s left- and right-handed
currents
We continue our discussion of 2D scenarios reaching
one of the highlights of this study in relation to the
new RK measurement and what outlined in section 2.3:
the investigation of NP effects entering both b → s
left-handed and right-handed currents in dimension-six
semileptonic operators. Indeed, from the discussion fol-
lowing eq. (20) we recall that as long as RK∗ can be
retained to have a role quite complementary to the one
of RK as a probe of NP, the new measurement appear-
ing in eq. (1) – supplemented by the current one forRK∗
in the same bin of q2 – hints at new heavy degrees of
freedom coupled to b→ s right-handed currents. As we
show in what follows, this conclusion remains subject to
the taming of non-factorizable hadronic contributions.
We start by considering NP effects in vectorial and
axial muonic currents and described by means of the
WET formalism, namely the pairs of NP WCs: (CNP9,µ ,
C ′,NP9,µ ), (C
NP
9,µ , C
′,NP
10,µ ), (C
NP
10,µ, C
′,NP
9,µ ) and (C
NP
10,µ, C
′,NP
10,µ ).
The two former scenarios are generalizations of the study
case i), and are allowed both in the PMD and PDD ap-
proaches, while the latter two can satisfactorily address
b → s`+`− anomalies only within the PDD approach.
Results for all these scenarios can be found in fig. 5.
As first highlighted by the trend in the reported ∆IC
and further depicted by RK - RK∗ plots, the inclusion
of right-handed b → s effective couplings allows for an
overall better description of data. In particular, from
the inspection of the central row in figure 5 the scenario
involving the operators Q9V,µ and Q′10A,µ provides the
best match here to the newly measured RK together
with RK∗ in the q2-bin [1.1,6] GeV2. Moreover, it yields
an optimal description of Bs → µ+µ− and of the whole
angular analysis at the same time – independently of
the hadronic approach undertaken – and hence stands
out in table 1 as the study case with the highest ∆IC in
both PMD and PDD approaches. This result comes to-
gether with the prediction for RTK∗,φ[1.1, 6] ' 1 in the
scenarios with the pairs Q9V,µ - Q′9V (10A),µ. We also
note that the prediction of the longitudinal ratio unfor-
tunately does not allow to single out within errors the
NP case of Q9V,µ - Q′9V,µ with respect to Q9V,µ - Q
′
10,µ.
A different prediction for the transverse and longi-
tudinal LFUV ratios is instead obtained for the pairs
Q10A,µ -Q′9V (10A),µ, approximately givingR
T
K∗,φ[1.1, 6] '
RLK∗,φ[1.1, 6] ' 0.75. We note that the non-trivial in-
terplay between hadronic physics – addressing here the
B → K∗µ+µ− angular analysis – and the experimental
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Fig. 6 First row: the first two panels show 2D p.d.f. for the scenario with WCs (CNP9,e , C
′,NP
9,e ) and the combined 2D p.d.f. of
the corresponding results for RK and RK∗ in the PDD approaches, following the colour scheme defined below fig. 2, while the
last two panels show the same for the scenario with WCs (CNP9,e , C
′,NP
10,e ). Second row: analogous to the first row, but relative
to the WCs (CNP10,e, C
′,NP
9,e ) and (C
NP
10,e, C
′,NP
10,e ).
weights of the measured LFUV ratios and of Br(Bs →
µ+µ−) lead overall to a lower ∆IC value for these two
scenarios with respect to the case of Q9V,µ and Q′10A,µ
(see table 1).
A similar very good description of measured LFUV
ratios is also obtained in the 2D scenarios with NP ef-
fects in the electron channel only, described by means of
theWET formalism, namely (CNP9,e , C
′,NP
9,e ), (C
NP
9,e , C
′,NP
10,e ),
(CNP10,e, C
′,NP
9,e ) and (C
NP
10,e, C
′,NP
10,e ). In these scenarios, NP
cannot provide a satisfactory explanation of the angu-
lar dataset for the B → K∗µ+µ− decay: therefore, they
are viable only within the PDD approach. Results for
these scenarios are reported in fig. 6, that capture in-
deed the very good description of RK∗ - RK in the
q2-bin [1.1,6] GeV2 in all the four cases at hand. How-
ever, comparing the ∆IC in table 1, none of these mod-
els turns out to be competitive with NP effects coming
fromQ9V,µ -Q′10A,µ operators. Looking again at table 3,
one can still find a particular footprint of these scenarios
via the prediction of longitudinal and transverse ratios.
In particular, the two cases where CNP9,e is involved pre-
dict a quite large transverse ratio, RTK∗,φ[1.1, 6] ' 0.95,
while the two scenarios where CNP10,e is present point to
RTK∗,φ[1.1, 6] ' 0.7. The four scenarios here discussed
qualitatively go along with the same picture drawn for
the pairs Q10A,µ - Q′9V (10A),µ: they turn out to be less
competitive than the case of Q9V,µ and Q′10A,µ.
We now proceed considering NP effects in left-handed
and right-handed muonic currents employing the gauge-
invariant language of the SMEFT. In particular, we first
focus on the scenarios (CLQ2223, C
ed
2223) and (C
LQ
2223, C
Ld
2223),
that are generalizations of the study case ii), therefore
viable both in the PMD and in the PDD approach.
Their results are shown in fig. 7. Similarly to what found
above for the pairs Q10A,µ - Q′9V (10A),µ and Q9V (10A),e -
Q′9V (10A),e, in these scenarios – in spite of the RK up-
date – the presence of right-handed currents has an
overall marginal phenomenological impact. These con-
clusions are corroborated by the values of ∆IC, slightly
penalizing these scenarios in comparison with the study
case ii): a marginal improvement in the description of
data is indeed obtained at the cost of model complex-
ity in the fit. We eventually point out that the predic-
tion for the longitudinal and transverse LFUV ratios are
quite similar within these NP cases, yielding in partic-
ular RTK∗,φ[1.1, 6] ' 0.8.
In the spirit of studying the interplay between left-
handed and right-handed currents in the SMEFT frame-
work, one may investigate also the viability of the above
scenarios replacing the role carried out by OLQ2223 with
the one of OQe2322. However, eq. (19) implies that the
2D scenario (CQe2322, C
ed
2223) cannot explain the measured
value of RK , since both coefficients contribute to the
ratio with upward shifts, in contrast with what is re-
quired to account for the experimental data. On the
other hand, considering CLd2223 as the NP term respon-
sible of effects stemming from right-handed currents,
positive solutions for this coefficient produce downward
shifts in RK , potentially making the (C
Qe
2322, C
Ld
2223) sce-
nario a viable solution for this LFUV ratio anomaly, see
right panel in fig. 1. However, as shown e.g. in ref. [162],
downward shifts in RK induced by CLd2223 correspond to
upward shifts in RK∗ : therefore, since C
Qe
2322 always con-
tributes positively to this second ratio as well, also this
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Fig. 7 First row: 2D p.d.f. for the scenario with WCs (CLQ2223, Ced2223) and combined 2D p.d.f. of the corresponding results
for RK and RK∗ in both the PMD and the PDD approaches, following the colour scheme defined below fig. 2. Second row:
analogous to the first row, but relative to the WCs (CLQ2223, C
Ld
2223).
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Fig. 8 First row: the first two panels show 2D p.d.f. for the scenario with WCs (CLQ
(1,3)
1123 , C
ed
1123) and the combined 2D p.d.f.
of the corresponding results for RK and RK∗ in the PDD approaches, following the colour scheme defined below fig. 2, while
the last two panels show the same for the scenario with WCs (CLQ
(1,3)
1123 , C
Ld
1123). Second row: analogous to the first row, but
relative to the WCs (CQe2311, C
ed
1123) and (C
Qe
2311, C
Ld
1123).
second scenario cannot be considered viable in order to
simultaneously address the anomalies in the two LFUV
ratios.
Similar results are obtained in the last set of 2D
scenarios, involving NP effects in electron channel de-
scribed by means of the SMEFT formalism, namely
(CLQ1123, C
ed
1123), (C
LQ
1123, C
Ld
1123), (C
Qe
2311, C
ed
1123) and (C
Qe
2311,
CLd1123). It is interesting to note that, contrarily to what
observed for the corresponding muonic case, both sce-
narios involving the operator OQe2311 are here allowed,
due to the opposite direction of the contribution in-
duced by such operator in the electron sector as shown
in eq. (19). Once again, addressing the information stem-
ming from the angular dataset for the B → K∗µ+µ−
decay requires these scenarios to be considered only in
the PDD approach. The results for these fits, reported
in fig. 8, show a good description of RK and RK∗ in all
the considered cases. However, once again the ∆IC val-
ues reported in table 2 imply that none of these models
is favoured in comparison with the scenarios featuring
NP effects in OLQ2223.
We conclude this section briefly discussing the case
where all the SMEFT operators are inspected all to-
gether. Indeed, the experimental dataset at hand al-
lows us to perform a fit for NP effects present in all the
12 tree-level SMEFT operators, switching on simulta-
neously the following effective couplings: CLQ``23, C
Qe
23``,
18
CLd``23, C
ed
``23, C
LedQ
``23 and C
′LedQ
``23 , with ` = {1, 2}. For
the sake of completeness, in this scenario we also in-
clude scalar operators, particularly constrained by the
available experimental information on Bs → `+`−. We
report the results of our fit in the PMD and PDD ap-
proaches in fig. 9. Most importantly, we observe that in
both approaches CLQ2223 is found to be different from 0:
at the ∼ 6σ level in the PMD approach, at more than
3σ in the PDD one. For the PMD framework we also
note that NP effects in OQe2322 are singled out at the ∼ 5σ
level. These findings pretty much reflect what already
outlined from table 2, where the preferred scenario in
the PDD approach is indeed the one featuring only
CLQ2223, while in the case of a more aggressive approach
to QCD power corrections one needs to require also
the presence of CQe2322 in order to accomplish an overall
good description of data within the SMEFT. It is finally
worth pointing out that the results of key observables
as longitudinal and transverse LFUV ratio reported in
table 4 are here compatible with RT,LK∗,φ[1.1, 6] ' 0.7
within 1σ errors.
5 Conclusions
In this study we investigated the impact of the very re-
cent RK and RK∗ measurements on New Physics (NP)
in b → s`+`− transitions. We focused on the study of
NP effects related to Lepton Flavour Universality vio-
lation (LFUV). We have explicitly shown that an ag-
gressive or conservative approach to hadronic matrix
elements may drastically modify the conclusions drawn
from the updated b → s`+`− global analysis. A set of
key messages can be extracted from our comprehensive
study:
– in the considered “WET scenarios”, i.e. the cases
where NP contributions do not necessarily stem a
priori from SU(2)L ⊗U(1)Y gauge-invariant opera-
tors at high energies, a preference for NP coupled to
both left-handed quark currents with vector muon
coupling and to right-handed quark currents with
axial muon coupling stands out regardless of the
treatment of hadronic uncertainties;
– in the instance of “SMEFT scenarios”, namely when
NP effects are explicitly correlated by SU(2)L ⊗
U(1)Y gauge invariance in the UV, several distinct
cases are able to address present experimental in-
formation depending on the treatment of hadronic
effects undertaken; aggressive estimates of hadronic
uncertainties point to the simultaneous presence of
left-handed quark and muon couplings and left-handed
quark and right-handed muon couplings; a more con-
servative analysis leaves room for a broader set of
scenarios, including the case of the single purely left-
handed operator with muon coupling;
– LFUV effects in the electron sector provide a good
description of current RK(∗) measurements, but an
overall satisfactory description of experimental re-
sults can be obtained only within a conservative ap-
proach to QCD effects; within this framework, these
NP scenarios are not favoured over ones featuring
muon couplings.
We look forward to strengthening and improving
our conclusions with the help of forthcoming experi-
mental results: a) novel LFUV data from Bs → φ`+`−,
that would corroborate the current ones forB → K∗`+`−;
b) possible measurements of LFUV ratios as RT,LK∗,φ in
the q2-bin [1.1,6] GeV2, that may help to further disen-
tangle the different NP effects highlighted in this work,
see tables 3 - 4; c) new measurements of lepton-flavour
dependent angular observables as in ref. [14], that would
also help to single out heavy new dynamics from stan-
dard hadronic physics.
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Appendix A: Highlights on current and future
measurements
In this appendix we collect a subset of the interesting
measurements related to the set of b → s`+`− anoma-
lies, namely RK , RK∗ (for this one both low-q2 bin,
[0.045,1.1] GeV2, and the central one, [1.1,6] GeV2), and
the two interesting bins of P ′5 falling in the region to-
wards the J/ψ resonance. Most importantly, we show
the prediction in the q2 bin [1.1,6] relative to Rφ and
to the transverse and longitudinal ratios RT,LK∗ and R
T,L
φ .
In the first row of tables 3-4 we report the experimen-
tal measurement (when available), with statistical and
systematic errors combined and symmetrized. In partic-
ular, concerning both bins of RK∗ and the critical bins
of P ′5, we limit ourselves to report the experimental
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measurements of LHCb only, the most precise ones cur-
rently available for these observables. In the following
rows, we give the values obtained for each of the men-
tioned observables in all the scenario described in sec-
tion 4. Table 3 is relative to the scenarios investigated
within the WET framework, while table 4 refers to the
ones described within the SMEFT framework.
Appendix B: Top-quark operators for
b→ s`+`− anomalies
As anticipated in section 2.2, in this appendix we de-
tail the fit results for the interesting scenario related to
loop-generated effects relevant for b→ s`+`− anomalies
from dimension-six gauge-invariant effective operators
involving right-handed top quarks, see eq. (17).
The SMEFT operators of interest enter in our anal-
ysis according to the matching condition reported in
eq. (15): they do not mix into WET operators with
right-handed b → s currents, but contribute only to
WCs of Q9V,10A. Consequently, a quite important ob-
servation can be drawn from what is already illustrated
in section 2.3: the new RK measurement, on general
grounds, disfavours scenarios with WET operators in-
volving only left-handed b→ s currents. As we found in
section 4, it is nevertheless important to note that once
hadronic corrections are treated conservatively, such a
hint for NP contributions to primed operators in the
WET gets weakened. Hence, CNP9,10 effects from top-
quark loops remain particularly appealing in light of
the new RK measurement.
The fit of the full set of top-quark SMEFT oper-
ators involved is shown in fig. 10. In green we show
the result within the PMD approach, while in red we
present the PDD one. In the former approach, we find
evidence for NP at more than the 6σ level in the oper-
ator OLu2233, together with the far-reaching evidence for
a non-zero contribution from Oeu2233 too, and a minor
role played by the two operators related to the electron
mode. This outcome falls within the expectations of
what has been repeatedly observed in the present study
for the B → K∗µ+µ− angular analysis. In the PDD ap-
proach, the interplay between the two muonic operators
redistribute the effects amongst the whole set of four
operators in adjustment of possible large hadronic ef-
fects in the B → K∗`+`− amplitude. The WC of OLu2233
is well-determined at more than 4σ, the other ones are
compatible with 0 within 2σ.
The overall goodness of the fit is exactly the same
as for the case of the tree-level SMEFT scenario de-
lineated by the set (OLQ2223,1123, O
Qe
2322,2311), inspected in
section 4. Identical considerations hold in particular for
the observables presented in table 4. Within the PDD
approach, such scenario adequately describes the cur-
rent dataset, as in the right panel of fig. 4. On the other
hand – if a more restrictive role needs to be assigned
eventually to QCD power corrections – the LHCb up-
date on RK would actually disfavour this scenario in
comparison with alternatives featuring NP effects in
right-handed b→ s currents too.
Eventually, as first studied in ref. [224], and recently
reviewed in light of RK(∗) anomalies in [131], the top-
quark operators can be sensitive at the loop level to
LEP-I measurements, mainly via the modification of
the Z-boson decay rate and the corresponding left-right
leptonic asymmetries. A convenient language in order
to easily capture these modifications of Z-boson proper-
ties is given by the parameters [δgZeL,R]`+`− scrutinized
in ref. [207]. In the leading-log approximation and at
the leading order in the top Yukawa coupling, the con-
tribution from OLu,eu``33 via RGE is [203]:
[δgZeL ]`=`3
( yt v
4piΛ
)2
log (Λ/µEW) C
Lu
``33 , (B.1)
[δgZeR ]`=`3
( yt v
4piΛ
)2
log (Λ/µEW) C
eu
``33 .
In fig. 11 we show the constraints on the WCs of
OLu,eu``33 coming from EW data. We focus on the muon
and electron sector separately, mapping what is given in
equation (4.6) of ref. [207], using the correlations given
in appendix B of their work and noting that the two
sets [δgZeL,R]ee and [δg
Ze
L,R]µµ are weakly correlated. The
resulting bounds are shown as 1,2,3σ contours in light
blue in the CLu``33 - C
eu
``33 plane. They are obtained as-
suming Λ = 1 TeV and evaluated at a matching scale
µEW close to the top-quark mass to possibly minimize
the overall matching-scale dependence [76, 193]. In the
same figure, we also show the joint probability distri-
bution obtained for the same WCs from the analysis of
b → s`+`− data. As usual, we restrict the analysis of
the electron mode to the PDD framework only, in virtue
of the information arising from the B → K∗µµ angular
observables. Eventually, we also highlight in fuchsia the
region obtained combining flavour data of interest with
the aforementioned LEP-I results.
The outcome depicted in fig. 11 is pretty informa-
tive. On the left and central panel, a mild tension stands
out between the highest probability region controlled
by the Z → µ+µ− data and the one identified by the
global b→ s`+`− analysis. As a result of the interplay
between the two experimental handles, a very different
outcome for NP is expected depending on the hadronic
assumptions involved. In the PDD approach, one may
end up looking for NP effects mainly in OLu2233, with a
minor role played by the operator Oeu2233 possibly iden-
tified by Ceu2233 > 0; in the PMD approach the presence
of the latter is actually ensured by Ceu2233 < 0 at the 3σ
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Fig. 10 Global fit of RGE-induced contributions (Λ = 1 TeV) from eq. (17) constrained by b → s`+`− data within the
PMD (green) and PDD (red) approach, including the new RK measurement. 16-th, 50-th, 84-th percentile for marginalized
distributions is shown.
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Fig. 11 2D p.d.f. for the scenario with WCs (CLu``33, C
eu
``33) in both the PMD and the PDD approach, following the colour
scheme defined below fig. 2. EW constraints on these scenario from Z → `+`− measurements [207] are shown in light blue.
The resulting region obtained from the combined information of EW and b→ s`+`− data is highlighted in fuchsia.
level. Lastly, the right panel of fig. 11 shows how LEP-I
measurements strongly constrain such a possibility with
top-quark operators.
To sum up, for OLu,eu``33 and b→ s`+`− anomalies the
coupling to muons is allowed by EW data and remains
interesting as long as the hint for NP effects in right-
handed b → s currents – as a mild implication of the
present RK update – will not be further corroborated
by other new measurements. An important caveat here
is that the assumption regarding the absence of tree-
level contributions in the EW fit that may easily relax
24
the Z → `+`− constraints. A more refined analysis on
this aspect will be presented elsewhere.
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